Abstract The focus of this work was to study the serum interleukin-6 (IL-6) response to total hip replacement. Twenty-one patients received an uncemented total hip prosthesis. Venous samples for IL-6 determination were drawn before and after surgery. The IL-6 response was significant, and a peculiar heterogeneity of response was apparent: the medians of peak levels (82.3 pg/ml) and of areas under the response curve (51.8 pg/ml) distinguished between IL-6 high responders (HR) and IL-6 low responders (LR; p<0.0001). No difference was found in the gender composition of these groups, whereas the HR patients were older than the LR patients (p<0.05). The amount of IL-6 increase was found to correlate with patient age, whereas its slope was found to correlate with the duration of the surgical procedure. Moreover, the HR group presented a higher degree of hyperthermia in the days after surgery compared with the LR patients, without evidence of differences in postoperative complications, time to mobilisation, or length of stay in hospital. The main finding of our study was the evidence of a remarkable variability between individuals in the IL-6 response to surgery. Future studies are needed to identify the factors involved in the regulation of the cytokine response to surgery.
Introduction
Recent studies have demonstrated that elective orthopedic surgery significantly elevates serum levels of interleukin-6 (IL-6) [1, 5, 7, 10, 11, 13, 16, [18] [19] ; in these circumstances, IL-6 rises rapidly in serum after the incision, peaking at 8-24 h. This increase has been attributed to the release of IL-6 from immunocompetent cells in the wound region [13, 16] , and it was found to significantly correlate with surgical trauma as defined by operation length and the volume of blood loss during surgery [13] .
Local and systemic inflammatory responses during and after surgery are important in the development of postoperative complications and in the general restitution [15] . Few studies have addressed the relationships between inflammatory response to elective orthopedic surgery and several possible determinant factors such as age, gender, lifestyle factors, severity of the pathological status, and duration of the intervention [12] . The focus of this work was to study the IL-6 response to elective total hip replacement surgery, with the following objectives: 1) to identify accurate parameters for evaluating the serum IL-6 response to surgery, 2) to quantify the serum response in a group of patients of different gender and age, 3) to characterize modulator factors of this response, and 4) to evaluate the relationships between IL-6 response and the clinical course in hospital.
Materials and methods

Subjects
The study population consisted of 21 consecutive patients (14 female, 7 male) who received a total hip prosthesis for primary osteoarthritis.
A postero-lateral surgical approach was used for all implants, with the surgical procedure aiming to obtain the maximum proximal interference press-fit. The implanted components were the Alloclassic stem and the Fitmore socket (Centerpulse, Winterthur, Switzerland).
To rule out the possible confounding effects of circadian variability, all patients were operated on between 0800 and 1100. Seventeen patients had general anaesthesia, and four had spinal anaesthesia, depending on patient and anaesthetist preference. The anaesthetic team was not involved in the study, and the choice of anaesthesia type was not influenced by the study.
Analgesic medication with nonsteroidal antiinflammatory drugs was avoided before and after the intervention, and only opioid agents were administered to treat pain.
The patients were thoroughly informed about the purposes and procedures of the study before they gave written consent. The study conformed to the guidelines in the Declaration of Helsinki and was approved by the regional ethics committee.
WOMAC and blood samples
The Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index was used to assess selfreported physical function, pain, and stiffness before the surgical procedure [4] . Samples of venous blood for IL-6 determination were drawn before surgery (PRE), and eight and 24 h after the incision, and at hospital discharge. Haemoglobin levels and leucocyte counts with differential were evaluated before surgery and once daily after the operation, and body temperature was monitored twice daily during the whole period in hospital. Sera were immediately separated and stored at −20°C until assayed. All samples from any subject were processed in duplicate in the same assay session.
Leucocyte counts with differential and haemoglobin levels were analysed with an automated Cell-Dyn 4000 series analyser (Abbott Diagnostics Laboratories, Abbott Park, IL, USA).
Intra-and interassay coefficients of variation for all the above-mentioned assays were below 6% and 8%, respectively.
Statistical analysis
Normal distribution of the data was tested by the ShapiroWilk test. Because data were not normally distributed, nonparametric tests were used. The Friedman's ANOVA was used to determine whether there were any significant differences over time among the samples. If a significant difference was present, a Dunn's post hoc test was used to locate the difference, and the area under the response curve (AUC) was calculated for the day of intervention (three samples) according to the trapezoid method.
The slope of the rise was calculated for serum IL-6 by regressing the samples among the baseline (presurgery) and the peak response and using the slope of the line as the outcome variable, indicated as SLOPE rise . The slope of the recovery was calculated for serum IL-6 by regressing the samples among the peak response and the last sample (discharge) and using the slope of the line as the outcome variable, indicated as SLOPE rec . Fig. 1 Serum IL-6 values for each sample are depicted for the two groups (IL-6 high responders=filled diamond; IL-6 low responders= empty circle). Statistically significant differences between the two groups are highlighted (*=p<0.05; **=p<0.01). The differences in peak levels, AUC, SLOPE rise , and SLOPE rec are depicted for HR and LR (*=p<0.05; **=p<0.01; ***=p<0.0001). Values are represented as means ± SD For continuous variables, the comparisons between different subgroups were analysed by means of the nonparametric Mann-Whitney U-test applied to the raw data for each sample, to the AUCs and to the slope values; for categorical variables, differences were analysed by means of the Fisher's exact test. The Spearman rank correlation analysis assessed the relationships among IL-6 response, clinical characteristics, and surgical parameters.
Statistical analysis was performed with the Statistica 6 for Windows (Statsoft, Tulsa, OK, USA) software package. All values are reported as mean ± SD. Statistical significance was set at p<0.05.
Results
In the entire group of patients, the IL-6 response was significant, and mean peak level was reached 24 h after surgery (Table 1 and Fig. 1) .
The median both of the peak levels (82.3 pg/ml) and of the AUCs (51.8 pg/ml/die) determined two groups (p<0.0001): IL-6 high responders (HR, n=9) and IL-6 low responders (LR, n=10; Table 2 ). Two patients were excluded because they presented, respectively, peak levels above and AUC values equal to the respective medians (case 8 in Table 1 ) and AUC values above and peak levels equal to the respective medians (case 12 in Table 1 ).
No differences were found in smoking habits (HR, two smokers and seven nonsmokers vs. LR, four smokers and six nonsmokers, p=not significant) or in the gender composition of these two groups (HR, six women and three men vs. LR, six women and four men, p=not significant). The HR patients were found to be older than the LR patients (HR, 65.5±7.6 years vs. LR, 55.7±11.4 years, p<0.05), and the correlation analysis consistently showed positive relationships between age and both IL-6 peak and AUC values (Fig. 2) . Moreover, a positive relationship was found between duration of surgery and SLOPE rise (Fig. 2) , whereas no correlations were found either among all the factors considered and the SLOPE rec or among WOMAC test scores and parameters of IL-6 response.
The patients presented moderate hyperthermia in the days after surgery, with evidence of difference in peak levels between HR and LR (HR, 38.2±0.4°C vs. LR, 37.8± 0.2°C, p<0.05). However, no patient had a documented infection, and no differences were observed between HR and LR either in drop in haemoglobin levels (HR, −33.8± 5.7% vs. LR, −35.9±9.6%, p=not significant) or in units of blood transfused after surgery (HR, 1.0±1.0 vs. LR, 0.9± 1.0, p=not significant). Moreover, no differences between the two groups were found in the percentages of maximum increase in white blood cells (HR, 99.4±33.5% vs. LR, 98.4±59.9%, p=not significant) or neutrophils (HR, 189.1± 53.1% vs. LR, 184.6±83.0%, p=not significant).
All patients were mobile by the third post-operative day, and no significant difference in length of hospital stay was apparent between the two groups (HR, 7.1±1.1 days vs. LR, 6.8±1.4 days, p=not significant).
Discussion
The main finding of this study was evidence of a remarkable variability between individuals in the serum IL-6 response to the elective orthopedic surgery. Several possible explanations of different inflammatory responses to similar traumatic insults deserve attention.
Even though the surgical procedure was performed in the most reproducible way by three experienced surgeons, an obvious variability in the local anatomy and in the anatomical characteristics of the disease was found. These differences could imply variable amounts of tissue dissection and damage, affecting the degree of local and systemic inflammatory responses.
Our data do not confirm that the duration of the intervention can be considered among the determinants of degree, but only of dynamics of the IL-6 increase. Also, the degree of morbidity, as indirectly evaluated on the basis Fig. 2 Linear correlations between age and IL-6 peak levels (panel A: r=0.53, p=0.016), age and IL-6 AUC (panel B: r=0.57, p=0.007), and duration of surgery and SLOPE rise (panel C: r=0.56, p=0.010) in the whole group of 21 patients of the WOMAC test scores, was not found to be related to the IL-6 response.
In accordance with the well-defined association between aging and increased levels of circulating cytokines [9] , patient age was the most important factor involved in regulation of the inflammatory reaction to surgery. The possible explanation for this finding lies in the reduced adrenocortical responsiveness to surgical stress that is characteristic of aged individuals [2, 3] ; the glucocorticoids released by the adrenal glands, inhibit the production of IL-6 [17] . Indeed, Hogevold et al. found that the IL-6 response to surgical trauma was attenuated by exogenous glucocorticoids [7] .
The only clinical difference we observed between HR and LR patients was a higher degree of postoperative hyperthermia in the HR group. Because Kennedy et al. reported an increased risk of fever with blood transfusion and decreased haemoglobin [8] , we also compared the HR and LR groups for units of blood transfused after surgery and drop in haemoglobin levels, but found no evidence of differences between the two groups. Furthermore, no differences between the two groups were observed in the percentages of maximum change of white blood cells and neutrophil count; this observation could be viewed as confirmation that IL-6 serum levels represent one of the most reliable markers for systemic inflammation, as recently highlighted by Giannoudis et al. [6] .
Our conclusions can be summarised as follows: 1) IL-6 peak level, AUC calculated for the day of intervention, and slope of the postoperative rise were found to be the most informative parameters for quantifying the amount and dynamics of the serum IL-6 response, 2) elective orthopaedic surgery elicited a significant serum IL-6 response 24 h after the intervention, 3) the IL-6 increase was found to be related to patient age, while its slope was found to correlate with the duration of the surgical procedure, and 4) the HR group presented a higher degree of hyperthermia in the days after operation compared with the LR patients.
